Introduction
============

Systemic lupus erythematosus (SLE) is a diffuse connective tissue disease transmitted by autoimmunity as a medium ([@b1-etm-0-0-7072]), characterized by long duration, easy recurrence, and high mortality. It has not been clearly defined yet and is still incurable ([@b2-etm-0-0-7072]). The disease occurs in young women of childbearing age and the prevalence of females accounts for 90% of the total number of affected patients. The peak age of the disease is 15--40 years ([@b3-etm-0-0-7072],[@b4-etm-0-0-7072]). SLE usually affects the whole body, and there are multiple autoantibodies in the patient\'s serum as clinical features. The course of SLE, the number of affected organs and the prognosis of survival are negatively correlated ([@b5-etm-0-0-7072]). These autoantibodies, which are immune complexes, bind to their corresponding antigens to form antigen-antibody complexes which then are deposited in the kidneys, blood vessels, subcutaneous tissue, or even the nervous system, promoting multiple organ and tissue damage ([@b6-etm-0-0-7072]). Currently, steroids, immunosuppressants and other drugs are used to treat SLE. However, in addition to relieving the disease, many adverse reactions are also caused to the body ([@b7-etm-0-0-7072]). Therefore, it is of great significance to detect multiple autoantibodies in SLE patients\' sera and provide evidence for clinical rational drug use.

The antinuclear antibody (ANA) is a general term for autoantibodies against various nuclear components ([@b8-etm-0-0-7072]). ANA can be seen in all kinds of rheumatic diseases ([@b9-etm-0-0-7072]). The currently recognized autoantibody markers for the diagnosis of SLE are anti-double-stranded DNA (ds-DNA) antibodies, because high concentrations of anti-ds-DNA antibodies are almost exclusively present in SLE patients, anti-ds-DNA antibodies are SLE-specific ([@b10-etm-0-0-7072]). C3 and C4 are important components in the complement system and play an important role in complement activation, participating in immunity and maintaining internal environment stability ([@b11-etm-0-0-7072]).

The purpose of this study was to detect ANA, anti-ds-DNA antibody, and complement C3, C4 in the serum of 194 patients with SLE, 106 patients with non-SLE, and 120 healthy volunteers, and to investigate the diagnostic value of these four factors, either alone or in combination, for SLE.

Materials and methods
=====================

### Sample collection

Retrospective methods were adopted. A total of 194 patients with SLE who were admitted to the Department of Rheumatology at Yantaishan Hospital of Yantai (Yantai, China) from January 2012 to December 2017 were selected as SLE group. The average age was 40.82±13.46 years, including 23 males and 171 females. All cases were diagnosed according to the revised standards of the American Rheumatism Association ([@b12-etm-0-0-7072]). A total of 106 patients with non-SLE rheumatism were selected as disease control group, with an average age of 51.27±11.42 years, including 18 males and 88 females. In the same period, 120 healthy subjects were selected as healthy control group with average age of 40.28±10.85 years, including 20 males and 100 females. Patients during pregnancy, lactating, suffering from other immune disease, or having incomplete clinical information were excluded. The heart, liver and kidney functions of all subjects enrolled were normal. The study was approved by the Ethics Committee of Yantaishan Hospital of Yantai. Signed informed consents were obtained from the patients or the guardians.

Results showed that there was no significant difference in age, sex, marriage and childbirth status between the three groups (p\>0.05). The average red blood cell volume, distribution width of red blood cells, platelets, Hcy level, total cholesterol, and urine protein were significantly different (p\<0.001). General information is shown in [Table I](#tI-etm-0-0-7072){ref-type="table"}.

### Reagents and equipment

ANA and anti-ds-DNA antibody kits were purchased from Trinity Biotech, Inc. (Jamestown, NY, USA); Microplate reader was purchased from Bio-Rad Laboratories, Inc. (Hercules, CA, USA); complement C3 and C4 kits were purchased from Beckman Coulter, Inc. (Brea, CA, USA); Hitachi automatic biochemical analyzer was purchased from Hitachi, Ltd. (Tokyo, Japan).

### Detection methods

All subjects gave fasting venous blood (4 ml) and serum was centrifuged at 2,080 × g for 8 min at 4°C. ANA and anti-ds-DNA antibody were determined by ELISA, and velocity nephelometry was used to determine complement C3 and C4. All test items were operated strictly in accordance with the manufacturer\'s instructions.

### Interpretation of the results

The OD value of ANA and anti-ds-DNA antibody measured by a microplate reader was determined by the formula: OD value of sample/(mean OD of standard solution × correction factor); ≥1.1 was positive, and ≤0.9 was negative ([@b13-etm-0-0-7072]). The number of positive cases of complement C3 and C4 was determined based on the ROC curve.

### Statistical analysis

SPSS 16.0 software was used for statistical analysis (Shanghai Kabei Information Technology Co., Ltd., Shanghai, China). Chi-square test was used for enumeration data and t-test was used for measurement data. One-way ANOVA was used for comparison among groups and SNK-q test was used as a post-hoc test for group analysis. ROC curves were used to analyze the diagnostic value of complement C3 and C4. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Positive rate of autoantibody detection in SLE and disease control groups

The positive rates of ANA and anti-ds-DNA antibody in SLE group were 91.75 and 67.01%, respectively. The positive rates of ANA and anti-ds-DNA antibody in disease control group were 43.40 and 3.77%, respectively. The positive rates in the disease control and SLE groups were higher than that in the control group, and the differences were statistically significant (p\<0.05). The difference between the positive rates in the disease control and SLE group was statistically significant (p\<0.05). The sensitivity and specificity of ANA in the diagnosis of SLE were 91.75% (178/194) and 79.65% (180/226), respectively. The sensitivity and specificity of anti-ds-DNA antibody in the diagnosis of SLE were 67.01% (130/194), 98.23% (222/226) ([Tables II](#tII-etm-0-0-7072){ref-type="table"} and [III](#tIII-etm-0-0-7072){ref-type="table"}).

### Complement test results

The expression levels of C3 and C4 in SLE and disease control groups were lower than those in control group, and the differences were statistically significant (p\<0.001). The expression levels of C3 and C4 in the disease control group were significantly different from those in the SLE group (p\<0.05) ([Table IV](#tIV-etm-0-0-7072){ref-type="table"}).

### Comparison of the sensitivity and specificity of complement C3 and C4 in SLE diagnosis

The ROC curve analysis of the diagnosis of SLE with complement C3 showed that the AUC for the diagnosis of SLE with C3 was 0.903, the progressive 95% confidence interval was 0.869--0.937, the cut-off value was 0.663, the SLE group positive case number was 169, the number of positive cases in the disease control group was 39, the sensitivity was 87.11% and the specificity was 82.74%.

The ROC curve analysis of the diagnosis of SLE with complement C4 showed that the AUC was 0.763, the progressive 95% confidence interval was 0.705--0.820, the cut-off value was 0.434, the SLE group included 172 positive cases, the number of positive cases in the disease control group was 51, the sensitivity was 88.66% and the specificity was 77.43%.

The ROC curve analysis of the diagnosis of SLE by combination of C3 and C4 showed that the AUC of the combined diagnosis of SLE was 0.931, the progressive 95% confidence interval was 0.904--0.958, the cut-off value was 0.727, the SLE group included 180 positive cases, the number of positive cases in the disease control group was 47, the sensitivity was 92.78%, and the specificity was 79.20% ([Figs. 1](#f1-etm-0-0-7072){ref-type="fig"} and [2](#f2-etm-0-0-7072){ref-type="fig"}, and [Table V](#tV-etm-0-0-7072){ref-type="table"}).

### Comparison of the sensitivity of the combined application in SLE diagnosis

The sensitivity and specificity of ANA and ds-DNA in the diagnosis of SLE were 95.36% (185/194) and 96.90% (219/226), respectively; of C3 and C4 were 92.78% (180/194) and 79.20% (179/226); and of all the four factors were 97.42% (189/194) and 80.97% (183/226), respectively ([Table VI](#tVI-etm-0-0-7072){ref-type="table"}).

Discussion
==========

Pathogenesis and causes of SLE are complex. Many factors such as environment, heredity and estrogen can stimulate the body\'s immune regulation, promote the deposition of antigens, antibodies and complements, and induce local or systemic multi-organ and -tissue injuries ([@b14-etm-0-0-7072]). The immunological abnormalities of SLE are mainly manifested by the presence of multiple autoantibodies represented by ANA in serum ([@b15-etm-0-0-7072]). Currently, the main cause of SLE tissue damage is immune complex allergy, which can activate allergic reactions through classic and alternative pathways while consuming complement ([@b16-etm-0-0-7072]). ANA, anti-ds-DNA antibody, and complement C3 and C4 associated with SLE are important indicators for the diagnosis of SLE. In this study, 194 patients with SLE had a sensitivity of 91.75% and a specificity of 79.65% in detecting serum ANA. Kumar and Bhatia ([@b17-etm-0-0-7072]) have reported that the diagnostic sensitivity and specificity of ANA for SLE are 95 and 65%, respectively, similar to our results. This suggests that the detection of ANAs lacks specificity and ANAs may also be present in other connective tissue diseases besides SLE. According to the results presented in [Table II](#tII-etm-0-0-7072){ref-type="table"}, the positive rate of ANA in the serum of 106 patients of the disease control group was 43.40%. Due to the deficiency of specificity of ANA in the diagnosis of SLE, ANA may also be present in other connective tissue diseases; negative ANA does not completely indicate that there is no SLE, which is consistent with literature ([@b18-etm-0-0-7072]).

According to the results, 16 cases of SLE patients were pathologically confirmed with negative serum ANA. These may belong to a subcategory of SLE, in which case the common clinical features of photosensitivity, and clinical features of arthritis, kidney damage are rare ([@b19-etm-0-0-7072]). Therefore, the detection of ANA in the diagnosis of SLE is only of screening value. Only when the ANA is positive and clinical features of SLE are present the detection of ANA can be used as a definite diagnosis of SLE. This study showed that the sensitivity and specificity of the detection of anti-ds-DNA antibody in SLE were 67.01 and 98.23%, respectively. The sensitivity was poor, but the specificity was higher. Roggenbuck *et al* ([@b20-etm-0-0-7072]) have shown that anti-dsDNA antibody can be used as a marker for the diagnosis of SLE. This also confirms the high specificity of anti-ds-DNA antibody in our results. In addition, ds-DNA can become negative after the disease improves with treatment, so anti-ds-DNA antibody can provide the basis for monitoring treatment ([@b21-etm-0-0-7072]). The expression levels of C3 and C4 in SLE and disease control groups were lower than those in control group, and the differences were statistically significant (p\<0.001). Liu *et al* ([@b22-etm-0-0-7072]) have reported that the decrease of the levels of complement C3 and C4 in the serum of SLE patients means that the patient has increased autoantibodies, which is the manifestation of immune activation, and it may also be complement-mediated cytotoxicity. This is consistent with our findings, therefore, the decrease of complement C3 and C4 levels in serum can be used as diagnosis standard of SLE. According to the results of the ROC curves, the sensitivity of C3 in the diagnosis of SLE was 87.11% and the specificity was 82.74%; the sensitivity of complement C4 was 88.66% and the specificity was 77.43%.; and the sensitivity of the combination of C3 and C4 in the diagnosis of SLE was 92.78% and the specificity is 79.20%. This shows that complement C3 and C4 are not very specific indicators of SLE, but they have a screening value in the diagnosis of SLE, and the sensitivity of combined diagnosis of SLE is improved. The sensitivity and specificity of ANA and anti-ds-DNA antibody in the diagnosis of SLE were 95.36 and 96.90%, respectively; of C3 and C4 were 92.78 and 79.20%, respectively; and of the combination of all four indicators were 97.42 and 80.97%, respectively. The sensitivity of combined ANA and anti-ds-DNA antibody, the combined C3 and C4, and all four indicators in the diagnosis of SLE was higher than that of these antibodies alone, but the specificity of all four combined factors in the diagnosis of SLE was lower than that of anti-ds-DNA antibody. The sensitivity and specificity of autoantibody detection are different in different populations and disease activity levels. Therefore, it is not possible to diagnose the disease with only one or a single index. Joint detection can prove the indicators to play a complementary role.

In summary, ANA has the highest sensitivity in the diagnosis of SLE, but its specificity is the worst; anti-ds-DNA antibody has the lowest sensitivity for the diagnosis of SLE, but the highest specificity. Therefore, combining ANA, anti-ds-DNA antibody, complement C3 and C4 can be used for the diagnosis of SLE in order to reduce or even avoid the missed diagnosis caused by a single test, to provide a complementary and confirmatory effect, and to improve the positive diagnosis rate of SLE.
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###### 

General information.

  Factor                                   SLE group (n=194)   Disease control group (n=106)   Control group (n=120)   F/χ^2^     P-value
  ---------------------------------------- ------------------- ------------------------------- ----------------------- ---------- ---------
  Age (years)                                                                                                                     
    ≥40                                      72 (37.11)        52 (49.06)                        46 (38.33)            4.378      0.112
    \<40                                   122 (62.89)         54 (50.94)                        74 (61.67)                       
  Sex                                                                                                                             
    Male                                     23 (11.86)        18 (16.98)                        20 (16.67)            2.072      0.355
    Female                                 171 (88.14)         88 (83.02)                      100 (83.33)                        
  Marriage and childbirth                                                                                                         
    Yes                                    161 (82.99)         82 (77.36)                        86 (71.67)            5.680      0.058
    No                                       33 (17.01)        24 (22.64)                        34 (28.33)                       
  Average volume of red blood cells (fl)   84.65±3.30          86.72±3.12                      89.68±0.28              124.90     \<0.001
  Erythrocyte distribution width (%)       15.51±2.57          13.42±0.81                      12.56±0.76              106.10     \<0.001
  Platelets (10^9^/l)                      85.42±0.73          164.21±18.94                    198.74±32.21            1,360.00   \<0.001
  Hcy (µmol/l)                             14.31±2.13          11.25±2.48                      9.15±2.41               194.9      \<0.001
  Total cholesterol (mmol/l)               5.75±2.45           5.03±1.05                       4.12±0.85               30.31      \<0.001
  Urine protein (g/24 h)                   4.13±3.12           2.21±1.86                       0.05±0.02               115.7      \<0.001

SLE, systemic lupus erythematosus.

###### 

Comparison of the positive rate of autoantibody detection in SLE and disease control groups (%).

  Group                   No. of cases   ANA                                                                                                     Anti-ds-DNA antibody
  ----------------------- -------------- ------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  SLE group               194            178 (91.75)^[a](#tfn2-etm-0-0-7072){ref-type="table-fn"}^                                               130 (67.01)^[a](#tfn2-etm-0-0-7072){ref-type="table-fn"}^
  Disease control group   106            46 (43.40)^[a](#tfn2-etm-0-0-7072){ref-type="table-fn"},[b](#tfn3-etm-0-0-7072){ref-type="table-fn"}^   4 (3.77)^[a](#tfn2-etm-0-0-7072){ref-type="table-fn"},[b](#tfn3-etm-0-0-7072){ref-type="table-fn"}^
  Control group           120            0 (0)                                                                                                   0 (0)
  χ^2^                                   52.34                                                                                                   110.90
  P-value                                \<0.001                                                                                                 \<0.001

P\<0.05, compared with control group

p\<0.05, compared with SLE group. SLE, systemic lupus erythematosus; ANA, antinuclear antibody; ds-DNA, double-stranded DNA.

###### 

Diagnostic sensitivity and specificity of ANA and anti-ds-DNA antibody for SLE (%).

  Antibody      No. of positive cases   Sensitivity   Specificity
  ------------- ----------------------- ------------- -------------
  ANA           178                     91.75         79.65
  Anti-ds-DNA   130                     67.01         98.23

ANA, antinuclear antibody; ds-DNA, double-stranded DNA; SLE, systemic lupus erythematosus.

###### 

Complement test results (g/l).

  Group                   No. of cases   C3                                                                                                     C4
  ----------------------- -------------- ------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------
  SLE group               194            0.58±0.24^[a](#tfn5-etm-0-0-7072){ref-type="table-fn"}^                                                0.19±0.08^[a](#tfn5-etm-0-0-7072){ref-type="table-fn"}^
  Disease control group   106            0.64±0.23^[a](#tfn5-etm-0-0-7072){ref-type="table-fn"},[b](#tfn6-etm-0-0-7072){ref-type="table-fn"}^   0.23±0.04^[a](#tfn5-etm-0-0-7072){ref-type="table-fn"},[b](#tfn6-etm-0-0-7072){ref-type="table-fn"}^
  Control group           120            0.97±0.15                                                                                              0.29±0.11
  F                                      128.30                                                                                                 54.39
  P-value                                \<0.001                                                                                                \<0.001

P\<0.001, compared with control group

p\<0.05, compared with SLE group. SLE, systemic lupus erythematosus.

###### 

Diagnostic sensitivity and specificity of complement C3 and C4 for SLE (%).

  Complement   No. of positive cases   Sensitivity   Specificity
  ------------ ----------------------- ------------- -------------
  C3           169                     87.11         82.74
  C4           172                     88.66         77.43
  C3+C4        180                     92.78         79.20

SLE, systemic lupus erythematosus.

###### 

Combined sensitivity in SLE diagnosis (%).

  Item                       n     No. of positive cases   Sensitivity   Specificity
  -------------------------- ----- ----------------------- ------------- -------------
  ANA+anti-ds-DNA antibody   420   185                     95.36         96.90
  C3+C4                      420   180                     92.78         79.20
  ANA+ds-DNA+C3+C4           420   189                     97.42         80.97

SLE, systemic lupus erythematosus; ANA, antinuclear antibody; ds-DNA, double-stranded DNA.
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